8 distinctive morphology, the presence of large numbers of virus particles and substantial amounts of virus antigens in readily accessible skin lesions, the importance of chickenpox in the differential diagnosisand we should not expect the same methods to be equally successful in other virus infections.
The Present Position and its Consequences The laboratory is largely concerned with specimens from skin lesions. Some come from patients with smallpox and 90% or more of these should give positive results in rapid tests. The few negative specimens usually come from early cases where the diagnosis is made subsequently by virus isolation. A second group of specimens comes from patients with chickenpox or more rarely zoster or herpes simplex. Virus particles of the herpes type can be found in these in virtually every case, thus providing positive evidence of a diagnosis other than smallpox. The remaining specimens come from patients with a wide variety of skin rashesallergic, septic and othernone of which gives positive results in any of the laboratory tests. It is this third substantial group which presents the major outstanding obstacle to efficient rapid diagnosis, for no reliance should or indeed can be placed on negative findings in rapid tests since these may occur in smallpox itself.
There would seem to be only two ways in which the situation might be improved. Either tests must be found which enable positive diagnoses to be made within this third group, or we must seek to define the circumstances in which rapid tests will always give positive findings if the case is genuinely one of smallpox. Neither prospect is very hopeful but the latter does have the advantage of not increasing the number of tests required. It does, however, imply judgments both of the adequacy of the sample and of the technically satisfactory nature of the individual tests. Our present limited experience suggests that it may, for example, be possible to state that the diagnosis is 'not smallpox' if an adequate sample of vesicle fluid or pus from a rash of three or more days' duration is found negative by both gel diffusion and electron microscopy. It is obviously important that future experience is recorded in such a way that statements of this kind can be properly evaluated.
The Choice ofRapid Tests The remarks which I have made relate essentially to the situation achieved by routine use of gel diffusion and electron microscopy. The grounds for choosing this particular combination of rapid tests in preference to others employing complement fixation, fluorescent antibody and light microscopy have been discussed in full elsewhere (Cruickshank et al. 1966 , Bedson & Dumbell 1967 .
Electron Microscopy
The introduction of the negative-staining technique of electron microscopy has undoubtedly made a major contribution to efficiency in rapid diagnosis. Much of our own evidence on this subject has already been published (Cruickshank et al. 1966 ). Since then we have made a minor change in technique, using 2% glutaraldehyde rather than ultraviolet light to inactivate virus on the grid before microscopy, and our experience has extended to a total of 111 patients. A summary of our results is given in Table 1 . The pattern described earlier has been maintained and only the additional negative results in pox virus infections, one more in smallpox and one in cowpox, require comment. In both cases the specimens were taken 4-5 weeks after the start of the illness. The smallpox specimen was negative in all other tests and the diagnosis was only confirmed by serological means, whereas the cowpox specimen, although negative in a gel diffusion test, gave a few pocks on chorioallantoic inoculation. Immunofluorescence and Tissue Culture
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One of the principal problems confronting both clinicians and virologists is that many virological diagnostic procedures take a long time to complete, and the results can therefore seldom influence clinicians in the management of acutely ill patients. Thus one or more passages in cell culture may be required before viral cytopathic effect The necessity for rapid diagnosis, particularly when infectious disease provides an urgent public health problem or requires speedy action by clinicians (e.g. variola, influenza, poliomyelitis, rabies, rubella in pregnancy), has led to the increasing use of the electron microscope and immunofluorescent (IF) techniques for diagnostic purposes. Should viral chemotherapy become generally available, greater diagnostic speed may well become even more important. Although such serological tests as complement-fixation (CF) or hamagglutination-inhibition (HI) tests can be performed rapidly, at least 10-14 days are generally required between paired serum samples in order to demonstrate significant rises in antibody titre. The electron microscope is particularly useful for identifying virus particles provided the lesions contain large amounts of virus in conveniently accessible sites such as the skin and mucous membranes. However, such diagnosis is made on morphological grounds alone, since it is not possible to distinguish between viruses which are structurally identical, for example herpes simplex and herpes zoster/varicella viruses, or vaccinia and variola viruses. Nevertheless, in the differential diagnosis of variola (pox-like virus particles) and varicella (herpes-like virus particles) electron microscopy may reveal which group of viruses has caused the lesions within a few minutes of obtaining specimens.
Immunofluorescent Techniques
The localization of antigen within infected cells was described by Coons & Kaplan in 1950, em- ploying specific antiserum coupled with a fluorescent dye. Liu (1956) was the first to apply this technique to the diagnosis of virus infections when he demonstrated the presence of influenza virus antigen in epithelial cells derived from the nasal mucosa of patients with influenza. Despite this, IF techniques have until recently been most frequently used as basic research tools, for such purposes as studying the assembly and localization of antigenic components of viruses within cells, rather than for diagnostic purposes.
Provided specific high titre reagents are used, immunofluorescence offers an extremely sensitive system for detecting small amounts of viral antigen. Considerable care must be taken to exclude both background staining which may obscure specific fluorescence, and non-specific fluorescence which may give rise to false positive results.
The following discussion is not comprehensive, being limited to recent attempts to use IF techniques which may in future be more generally used in laboratories in this country to speed up diagnosis.
Methods ofFluorescent Staining
There are two methods available:
(1) The direct method (Fig 1) : Antiserum to specific antigen is labelled with a fluorescent dye, this complex being known as the conjugate. Although many fluorescent dyes have been tried, fluorescein isothiocyanate has been found to provide the most satisfactory and consistent results. After fixation, the preparation is placed in contact with the conjugated serum which is (2) The indirect or 'sandwich' method (Fig 2) : The preparation is treated with unlabelled high-titre specific antiserum. The preparation is then thoroughly washed in order to remove residual antiserum and finally treated with the conjugate, a fluoresceinlabelled globulin prepared against the particular species from which the serum in the middle layer of the 'sandwich' was obtained. The specimen is then mounted and examined as before. The indirect method is generally considered to be more sensitive and has the added advantage that different antisera may be substituted in the middle layer in order to detect different viral antigens. In addition, serum titrations against a known antigen may be performed by making increasing dilutions of serum in the middle layer. On the other hand, the enhanced sensitivity of the indirect system may increase the magnitude of any non-specific reaction, and the inclusion of an extra step makes it a less rapid test. The preparation of conjugates and sera and the methods used to counter non-specific staining reactions are not within the scope of this paper, but reviews by Liu (1964) and Holborow (1967) give comprehensive details.
Clinical Applications
Material obtained directly from the patient: The antigens of many respiratory pathogens such as influenza, respiratory syncytial virus, psittacosis and M. pneumoniw, have been detected in nasopharyngeal exudate, sputum or necropsy material derived directly from the patient (Liu 1956, Hers 1963 , Hers et al. 1968 , Tateno et al. 1962 , Tateno et al. 1965 , Gray et al. 1968 , Gardner & McQuillin 1968 . Specimens for such investigations should be obtained as early as possible after the onset of infection since, once secondary infection has occurred, there will be much mucopurulent debris containing necrotic and autolysed cells which will stain non-specifically and obscure specific fluorescence. For respiratory infections Hers (1963) stresses the importance of using freshly expectorated sputum. Early morning specimens, which are likely to contain desquamated cells which have stagnated in the airways overnight, should be avoided. It is also important to have an adequate number of morphologically intact cells in the preparation since only a few of the cells may exhibit fluorescence and the site of this should be localized accurately. Using the direct IF technique, Liu (1956) detected influenza A antigen in cells from nasal washings from 12 of 17 (71 %) patients with proven influenza A. Hers (1963) , employing the indirect technique, made smears from sputum and detected both intranuclear and intracytoplasmic fluorescence in 15 of 17 cases of proven influenza A. Similarly, antigen was detected in sputum and necropsy material (trachea and lung) from 4 patients with influenza, results being available within three hours of collecting the specimens (Hers et al. 1968 ).
Gardner & McQuillin (1968) demonstrated respiratory syncytial virus (RSV) antigen in the cytoplasm of epithelial cells obtained from nasopharyngeal secretions. Antigen was detected in 90 % of 44 infants with proven RS virus infection, the diagnosis being made on the day of admission to hospital. There were no false positives. Specimens were obtained by nasopharyngeal aspiration and the authors stressed the importance of washing secretions before staining in order to eliminate thick mucus which might prevent the penetration of stain into the preparation. Gray et al. (1968) detected RS virus antigen in exfoliated epithelial cells obtained by swabbing the pharynx. Confirmation was attempted by virus isolation and serology; RSV antigen was detected by IF in 25 of 31 patients, but probable false positive results were obtained in 4 cases.
Detection of viral antigens by immunofluorescence from skin lesions caused by herpes simplex (Biegeleisen et al. 1959) and variola (Murray 1963 , Kirsh & Kissling 1963 has also been reported (Fig 3) . However Recently Sommerville (1966) examined deposited leukocytes from the CSF of 20 patients with aseptic meningitis. Employing the indirect IF technique he obtained more diagnoses by IF than by conventional isolation techniques. Viruses identified included Coxsackie B, ECHO, mumps and herpes simplex. Clear intracytoplasmic fluorescence was detected in both polymorphonuclear leukocytes and macrophages. The rapid diagnosis of herpes simplex virus infection by this method may be of considerable practical value since a recent report suggests that acute herpes necrotizing encephalitis, if diagnosed sufficiently early, may respond dramatically to treatment by decompression and deoxyuridine (Marshall 1967) .
IF on cell cultures inoculated with clinical specimens: Viral antigen may often be detected in cell cultures long before CPE has become evident, thus considerably shortening the time for diagnosis. Furthermore, as IF tests are performed with specific antisera, confirmation of the isolate by conventional neutralization tests will not take up additional time. Since much non-specific fluorescence may occur once extensive CPE has appeared, optimal results are generally obtained when cultures are stained either before CPE has become evident or when the earliest changes are apparent.
Using the indirect technique, Hers et al. (1968) succeeded in demonstrating influenza A antigen within thirty-six hours of inoculation from 2 of 4 patients with influenza. They employed monkey kidney cell cultures and tracheal and nasal organ cultures inoculated with throat washings. Schieble et al. (1965) , employing the direct technique, demonstrated the presence of RSV antigen in cover-slip preparations of feetal diploid cells inoculated with pharyngeal swab fluid from children with RSV infection. They were able to detect cytoplasmic fluorescence as early as 10-12 hours after inoculation, the number of fluorescing areas reaching their maximum size and number by twenty-two hours. RS virus was detected in 71 out of 75 viral isolates examined by this method. The remaining four isolates were subsequently found not to be RS virus. Gardner & McQuillin (1968) compared the time taken to isolate and identify RS virus with that needed to perform IF techniques. Using conventional isolation and identification techniques, several days usually elapsed between the first observations of CPE and the stage when sufficient virus was present for the neutralization tests to be performed. Employing the IF techniques on infected cell culture scrapings, 53 % of 44 children with RSV infection were diagnosed by the second day, 71 % by the fourth day and 92 % by the end of a week. A diagnosis was thus made much more rapidly by IF than by conventional tissue culture techniques and there were no false positives. Nevertheless in this study the IF technique on the scraping of infected cell cultures was found to be less sensitive than when carried out on cells obtained directly from nasopharyngeal aspirations. Kalter et al. (1959) used the direct IF technique to identify and type poliovirus in monkey kidney tissue culture, staining Versene-dispersed cell cultures as soon as CPE became evident. Since results were obtained within a few hours of CPE appearing, this method was much more rapid than conventional isolation and serotypic identification.
Although serological techniques now make possible the diagnosis of rubella within 7-10 days of the onset of rash, there are still numerous occasions, for example in pregnancy, when rapid demonstration of virus excretion is invaluable. Estella (1967) (Fig 4) . Of 17 proven cases of rubella, virus was detected by IF in 15, antigen being detected by the third day in 6 and by Days 5 to 6 in the remainder. Maximum fluorescence occurred on Day 5; thereafter fluorescence became diffuse until it finally faded. Serum antibody titrations: Employing indirect IF techniques, antibody estimations against known antigens in infected cell cultures or cryostat sections may be made by including doubling dilutions of patients' sera in the middle layer of the 'sandwich'. Although for routine purposes such procedures are perhaps more cumbersome than CF or HI tests they are generally extremely sensitive. Taylor-Robinson et al. (1966) obtained sera for estimation of antibody to Mycoplasma pneumonia, from recruits with acute respiratory infection. They found that the IF test was the most sensitive of all the methods they tested. Similarly Hers (1963) , using sections of mouse lung infected with psittacosis/ornithosis agent, found that patients with psittacosis had higher antibody titres by IF than by CF tests. Antibody to rubella virus has also been detected by the indirect method using either cell cultures heavily infected with rubella virus (Lennette et al. 1967) or chronically infected cultures (Brown et al. 1964) . Although this method appears to be more sensitive than either CF or neutralization tests, the recent introduction of the rubella HI test, which is both sensitive and rapid, will probably mean that IF techniques will be used less frequently for the serological diagnosis ofrubella in future.
Although there is little doubt that attempts to increase the rapidity of diagnosis of other virus infections will be made, it is at present unlikely that most laboratories would be able to rely on IF techniques exclusively for the diagnosis of more than one or two virus infections. Consistent results can best be obtained if a particular system is kept in constant use by a skilled worker who is working on it on a full-time basis. Success is more likely to be obtained if the work is concentrated in those laboratories which because of their localization and function are most likely to encounter the virus infections for which a rapid diagnosis is particularly valuable. Before IF techniques can be used routinely for the diagnosis of any particular virus infection, careful trials with adequate numbers of specimens must be performed and a good correlation obtained with diagnosis by conventional isolation methods.
